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Abstract
A short review of the highlights of the operation of the
SPS in 1998 is presented.
1  INTRODUCTION
1998 was a record year for the production of both
protons and lead ions for the fixed target physics
programme. This was in spite of limiting the proton
intensity due to a problem with the internal beam dump.
In addition, 1998 was a landmark year for other reasons:
x The first LHC-type beam was available from the
CPS for studies in the SPS.
x This was injected, accelerated and extracted at
450 GeV/c.
x A major campaign on studies of the betatron and
dispersion matching of the injection line TT10 to
the SPS resulted in a significant gain in the
quantity of lead ions in the SPS.
x During a special machine development period the
low energy lead ion cycle required for operation in
1999 was set-up.  In spite of critical days, this set-
up was so successful that some hours of physics
with Pb82+ at 40 GeV/n.
In addition, 1998 was an important one for other
reasons connected with the SPS.  Firstly the civil
engineering projects for the LHC were launched.
Construction of the TI 8 transfer line and the Atlas cavern
could have an impact on the machine alignment already
in 1999. Secondly a conceptual design report on the
possibility of a neutrino facility to send a neutrino beam
to Gran Sasso Laboratory was written [1]. If approved for
construction this will be a flagship experiment for the
SPS for many years to come.  Finally the shutdown work
associated with the project to prepare the SPS as LHC
injector (SLI)  is gathering pace.
2  HOW THE TIME WAS SPENT IN 1998
Table 1 shows the distribution of time during the
operation of the SPS in 1998.  A total of 5206 hours of
physics were scheduled during the year (3791 hours of
protons and 1415 hours of Pb82+). 4089 hours were
realised, giving an overall efficiency of  78.5% (78% for
protons and 80% for Pb82+. Slightly less time was required
for set-up in 1998 and an additional period of 72 hours
was set aside to allow the first commissioning of a new
low energy lead cycle for use in 1999. The 1200 hours
given for 'downtime' is the time lost for physics and
includes critical days.  No proper accounting is made of
the fault time which interrupts set-up periods, or machine
development. It should be noted that dedicated machine
development accounted for just 4.2% of the total
operation time in 1998.  This very low level of machine
development time is only acceptable because the present
operational cycles of the machine contain a parasitic MD
segment, allowing studies at injection energy in the SPS.
Table 1: Distribution of Operation Time in 1998
  Hours  % of Total
 Physics (p+ & Pb 82+)  4089  66.3
 Setup  545  8.8
 Low Energy Ion Test  72  1.2
 Downtime  1202  19.5
 Dedicated MD's  261  4.2
 Total  6169  100.0
 Parasitic MD  400  
Figures 2 and 3 show the breakdown of MD time in the
SPS by type and by subject.  The total number of hours
where MD was performed was 733 (including the low
energy ion test and the use of the parasitic MD cycle).
Over half of the total MD time in 1998 (55%) used the
parasitic cycle and therefore did not perturb SPS physics.
Figure 1:  Distribution of MD Time by Type
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Many subjects were studied during the SPS MD
sessions, falling into the five broad subject classes of
figure 2.  Table 2 shows the major subjects requesting
machine development time during the year.
Table 2: Major MD Subjects in 1998
 New Physics
Beams
 25 ns Extracted Beam
 Low Energy Lead
 SPS as LHC
Testbed
 Resonance Studies




 TT10 Dispersion Matching
 TT10 Optics Measurements




















SPS as a multi-cycling machine
3 FIXED-TARGET PROTON
PERFORMANCE HISTORY
3.1 Protons Delivered on Target
Since 1993 the performance of the machine, in terms
of the total number of protons on targets, has increased by
60%. This is mainly because the needs of the
experimental community for proton beams went up
dramatically with the start of the recently completed
neutrino experiments in the west area.   In fact the
performance is even better when the different numbers of
hours scheduled for physics each year is taken into
account.  The SPS has now run routinely for three years
with the average number of protons per hour of scheduled
physics above 6.3x10+15.  In the years up to 1992 this
figure was around 3.0x10+15.  With the end of the west
area neutrino facility and the consequent reduction in the
total intensity requirement, this figure is likely to drop to
pre-1992 levels.
Another interesting figure is the ratio between the
average number of protons per cycle and the peak
intensity during the year. The average number of protons
per cycle can be calculated by dividing the above figure
for the number of protons per hour by the number of
cycles per hour (250). This ratio has remained stable in
the range 52-58% since 1977.  In spite of a significant
increase in the peak intensity, this ratio has tended to
increase over the past few years.  The figure for 1998 was
57%.
3.2 Machine Efficiency
The overall efficiency of the SPS that is usually quoted
in the machine statistics is defined as the realised physics
time divided by the scheduled physics time.  This
definition lumps all problems together and does not take
account of the fact that the SPS is at the end of a chain of
injector accelerators - and they have problems too.
Instead of a single efficiency figure it is better to define
two.  One which represents the efficiency of the CPS and
defines the availability of beam to the SPS. The other
defines the proportion of the time when beam was
available that was actually used for physics.  This is a
more realistic figure for determining the SPS efficiency.
The definitions used here are:
Realised time = Scheduled time - CPS Faults - SPS Faults
Beam Availability = 1 -  (CPS Faults / Scheduled Time)
SPS Efficiency      = 1 -  (SPS Faults / Beam Availability)
Overall Efficiency = Realised time / Scheduled Time
In figure 3 the overall efficiency and the SPS efficiency
for fixed-target proton operation are shown for each year
of operation since 1977.  In addition the number of
scheduled hours of physics is plotted. The number of
scheduled hours each year varies widely.  During the
1980's the SPS was also used as a p-pbar collider.  In
more recent times regular heavy ion runs have also been
scheduled.  Apart from one very bad year (1994) the
overall efficiency of the SPS has remained above 70%.
However, it has been consistently below 80% since 1986.
The SPS efficiency is of course higher, as the downtime
due to the non-availability of the beam from the CPS is
excluded.  Here the range covers from 75% to 90%, the
exception being 1994 where the SPS efficiency dropped
to below 70%.
Figure 3: Fixed-Target Efficiencies and  Scheduled Hours
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Figure 4: CPS and SPS Efficiencies as a Function of the
Scheduled Hours of Physics.  Data from 1977-1998.
In figure 4, the SPS efficiency, together with the CPS
efficiency (Beam availability) are plotted as a function of
the number of scheduled hours of fixed-target proton
physics.  A (tongue in cheek) straight line fit has been
made to each set of data.  In the case of the CPS, the
efficiency has a relatively small scatter and is
independent of the scheduled time.  Not so for the SPS.
Here the scatter is much larger.  In addition there appears
to be a trend towards a lower efficiency for longer
scheduled physics runs.  No reason is known that would
explain this trend.  There is no correlation with the age of
the machine.  The data of figure 4 should be treated with
some caution. If only the number of scheduled hours of
physics determined the efficiency of the SPS then the fit
would have an intercept at 100% efficiency for zero
scheduled hours.  In fact the intercept is at about 90%.
This just indicates that there are other factors which play
a role in determining the operating efficiency of the
machine.
CONCLUSIONS
The SPS is a remarkable machine.  Over many years it
has operated for fixed-target proton beams, heavy ions
and as a p-pbar collider.  In addition since 1989 the SPS
had kept LEP supplied with leptons.  In the last 5 years or
so the proton physics community have demanded more
and more beam.  This has resulted in the maximum
intensity in the machine being pushed to 4.8x10+13 and the
number of protons on target last year reaching 2.4x10+19.
In spite of pushing the intensity the efficiency of the
SPS machine itself has remained reasonably high. With
no neutrino physics planned for 1999 the intensity in the
machine will be modest.  This should help the machine
efficiency.
In 1998 just 4.2% of the operation time was allocated
to dedicated MD's in 1999 the figure will even be a little
lower.  The extensive use of the parasitic MD segment is
what allows the SPS MD requirements to be kept so low.
In fact the number of requests for machine development
time and the scope of the studies are growing as the
preparations for the LHC gather pace.
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